Abstract
Introduction
Paper mill industries in Thailand generally produce sludge cake after wastewater treatment. This sludge cake is usually disposed into an industrial open landfill [1, 2] . Since it contains some heavy metals, especially lead [3, 4] , it becomes one of the sources of pollutants to cause environmental degradation [2, 5] and health problems.
To decrease its volume disposed into a landfill, many researchers have tried to recycle rigid materials from it and investigated its safety [6, 7] .
The sludge is not a waste, but has a lot of fertilizing values. The application of sludge for agricultural purposes is beneficial because organic matter improves nutrients for the plant germination and growth. Thus, the sludge is used as soil amendment [8] . The sludge compost is economically reliable to grow the plant [9] . However, the sludge contains potentially toxic elements. High levels of toxic elements become the risk of health of plants and humans. When farmers plan to use the sludge, they must confirm whether the sludge is suitable for planting or not [10] .
In the previous report [11] , the researchers have tried to make a flower pot for reducing the volume of sludge cake economically. They also have clarified that the new flower pot can be made from the sludge cake with clay, and that it has the possibility to have no negative effect on the environment of disposing it. However, the flower pot does not resist natural sprinkling of water or natural rain. Thus, the researchers have discussed on the necessity of coating its surface to use it for a longer time. The material used for coating it would also have possibility to prevent the environmental degeneration and health problems of the sludge cake.
The aims of this study were to clarify two hypotheses: (1) whether life time of a degradable flower pot on the ground would be prolonged or not by coating it with appropriate material, (2) whether material used for coating it would have preventive effect on the toxicity of sludge cake in it or not.
Methods

Cooperative industry
The cooperative industry is a medium-sized (227 workers) paper mill industry in Thailand, producing approximately 4500 m 3 day −1 wastewater in 2017. After being treated chemically using aluminum sulfate and biologically using urea, ferric chloride and phosphoric acid, and then mixed with polyacrylamide [11] , the wastewater becomes sludge cake (Eurochem, Activated System). The sludge cake (about 5 m 3 day
) is disposed into the industrial landfill.
Making a flower pot
The components of making a flower pot were a binder and a fixed model [11] . The clay in the soil was used as the binder. The soil was brought from Bang Len, Nakhon Pathom Province, Thailand (Bang Len soil). This contained sand 20.68%, silt 28.30% and clay 51.02% and was classified as heavy clay (clay > 50%). Sludge cake without cleaning (5 kg) was mixed with the Bang Len soil (10 kg) at the set ratio of sludge cake: soil by weight was 1:2 by a paddle [11] . Some water (600 mL) was added. The mixture was mixed again by the paddle until it became mushy.
Two machines were used to make the flower pot [11] . They were mixing machine, in which there were two screw parts to mix homogeneously, and shape forming (jigger) machine. The material mixed by the paddle was poured into the mixing machine. The thoroughly mixed material by the mixing machine (clay slurry) was put into the circular plaster mold as a fixed mold. This plaster mold looked like hollow cone (12.0 cm height, inner diameter 15.6 cm at top and 9.6 cm at bottom). The clay slurry was poured into the plaster mold until about half of its volume. The plaster mold of the clay slurry was set under the arm of jigger machine. As the clay slurry came into contact with the vertically rotating head piece, it was pressed and spread until it finally became the shape of plaster mold.
Formations of flower pot (1.5 cm thickness of wall) were dried in the room for 1 day before removing from the plaster mold. They were dried for one more day in a shadow area and drilled (about 15 mm hole in the bottom) for root outlet and water drainage. After that, they were left out of doors for 14 days. The dried weight of flower pot ranged from 507 to 559 g.
Materials for coating the flower pot
Three types of materials, paraffin wax, tapioca starch and modified tapioca starch were selected. Three flower pots were randomly selected for each type of materials.
Paraffin wax
Paraffin wax is a white or colorless soft solid derivable from petroleum. In a pathology laboratory, this is used to impregnate tissue prior to sectioning thin samples of the tissue [12] . This is also used for candle making, for coating for waxed paper or cloth [13] , and, as sealant, for jar, cans and bottles [14, 15] . In this study, the paraffin of good quality in white candle (Candles Lucky, Sahasriutsahagum Company) was used.
Tapioca starch
Starch accumulates in plants as a complex carbohydrate form. There are various types of starch: the common corn/maize starch, tapioca starch, and wheat, rice and potato starch. The starch is insoluble in cold water, but dissolves in warm water. Dissolved starch in warm water makes starch paste [16] . The starch paste is used as thickening, stiffening or gluing agent. In this study, the tapioca starch (Pine Brand, Sitthinan Company Ltd.) from Central Department Store, Rattanathibet, Nonthaburi Province, Thailand was used.
Modified tapioca starch
Starches are modified to enhance their performance in different applications. Modified starch has properties processed using physical, enzymatical, or chemical treatment [17] . This starch is soluble in the cold water and thickens gels without heat. This is practically used as a thickening agent, stabilizer or emulsifier in food products, as disintegrates in pharmaceuticals, and as a binder in coated paper [18, 19] . In this paper, acid-treated modified tapioca starch (KLIC 10, SMS Corporation Company Ltd.) was used. It has the medium viscosity and dissolves in tap water at about 25 °C.
Coating the surface of flower pot
Paraffin wax
Solid paraffin wax in sheet form (about 7.5 kg) was put into the stainless pot. It was heated by a temperature controller of stove until all paraffin completely became liquid. The temperature of the liquid paraffin was kept at 90-95 °C until the coating process was finished. The temperature was checked by a thermometer every 5 min. The flower pot suspended by a rope was immersed into the liquid paraffin for 10 s. The immersed flower pot was left at the room temperature for at least 1 day. The weight of the paraffin used for coating ranged from 15.0 to 17.8 grams (3 samples: average 16.7 g, 3.1 g per pot by 100 g).
Tapioca starch
Four hundred milliliter hot water at 80 °C was poured on 150 g tapioca starch in a pail with stirring it uniformly and rather quickly. This solution of tapioca starch was heated by a heater up to 205 °C. When stirring the solution became tough and rather difficult, 150 mL water was poured. Stirring it was continued until the solution became milky color, namely the solution became starch paste. When the starch paste had high viscosity by the finger testing, the solution was cooled until about 90 °C. Using a clean brush, the starch paste painted all surface of the flower plot. The painted flower pot was dried at the room temperature for at least 1 day. The weight of the starch paste used for coating ranged from 28.1 to 29.8 grams (3 samples: average 29.0 g, 5.4 g per pot by 100 g ).
Modified tapioca starch
One hundred milliliter water at 29 °C was poured on 50 g modified tapioca starch in a pail with stirring it uniformly and rather quickly. When stirring the solution became tough and rather difficult, 150 mL water was poured. In total, 250 mL water was warmed by a heater and stirring was continued at 60 °C for 10 min. When the solution became brown jelly and had high viscosity by the finger testing, namely the solution became modified starch paste, stirring was stopped. Using a clean brush, the modified starch paste painted all surface of the flower plot. The painted flower pot was dried at the room temperature for at least 1 day. The weight of the modified starch paste used for coating ranged from 16.2 to 17.8 grams (3 samples average 17.1 g, 3.2 g per pot by 100 g).
Water durability test
Four types of samples were set for the water durability test.
• Paraffin coat: flower pot coated with paraffin wax (3 units).
• Starch coat: flower pot coated with tapioca starch (3 units).
• Modified starch coat: flower pot coated with modified tapioca starch (3 units).
• No coat: flower pot without coating (3 units).
Twelve flower pots were randomly set in the circle of radius 2.5 m with centering a water sprinkler without the margins of the sprinkled area for the purpose of sprinkling the water equally. The sprinkler watered at a flow rate of 924 L h −1
, at the maximum volume, at 10 AM for 1 h every day for 12 weeks. The flower pot was checked after 7-day (a week) sprinkling of water whether or not a serious crack occurred on the outside wall or the bottom surface of flower pot. If there was a 1.5 cm long crack on it, the flower pot was judged to be degraded.
Toxicological testing
According to the results of water durability test, and considering easiness in coating the surface of flower pot (using no brush), only paraffin-coated flower pot was used for toxicological testing. Leaching test and seed germination test were used to check negative effect on the ground and the germination.
The transfer factor of the heavy metal into the green leafy vegetable is the order, Cadmium > Copper > Nickel > Lead [20, 21] . In the previous report [11] , the researchers measured the concentrations of 9 elements (Arsenic, Cadmium, Chromium, Copper, Lead, Manganese, Mercury, Nickel, Selenium) in the sludge cake. The concentrations of all elements except copper were quite lower than Thai standard [22] . The cadmium concentration was not more than 0.1 mg kg −1 [11] . The researchers then estimated that it was unnecessary to measure the cadmium concentration for the toxicity of sludge cake. Consequently, three heavy metals, lead, nickel and copper, were measured in this study. The concentrations of three heavy metals in sludge cake and Bang Len soil (clay) are shown in Table 1 .
Leaching test
Procedures to determine the concentrations of heavy metals in the sample were total element analysis (wet digestion) [23] . Five-gram paraffin-coated flower pot was crushed and digested with 5 mL nitric acid for the total element analysis.
Procedure of leaching test was corresponding to USEPASW846, which complied with the standard method of Notification of Ministry of Industry Subject: Disposal of Wastes or Unusable Materials B.E.2005 [24] .
Five-gram paraffin-coated flower pot was also crushed and digested with 5 mL nitric acid for the leaching test.
The concentrations of lead, nickel and copper were measured by atomic absorption spectrophotometer (Flameless type). The detection limit of this method is 0.001 mg kg . Three samples were used for these testing.
Seed germination test
In the seed germination test, Chinese kale (Brassica oleracea var. alboglabra) was selected as the seed. A rectangular plastic basket (23 cm wide, 33 cm long, 8 cm deep) was used. It had many rectangular holes at the four-wall sides and bottom. Coconut coir were set about 2 cm depth on the bottom of the plastic basket for good ventilation and good water drainage. The plant soil was used for the seed germination.
The plant soil was brought from Dindeedee, Lopburi Province, Thailand (Dindeedee soil). This includes the fermented leaves of "Samanea saman" and is suitable for flowering plants, ornamental plants, and every vegetable. Their properties are (1) good friability (high porosity) and good ventilation, (2) high ability to keep moisture constant, and (3) good resistant to change to acid property or alkaline property.
The characteristics of the sludge cake, Bang Len soil (clay) and Dindeedee soil (plant soil) used in this experiment are shown in Table 2 .
Crushed material of paraffin-coated flower pot was mixed at the appropriate ratio. Three groups were run. They were:
• 100% Soil (control group): 2 kg of the soil.
• 50% Soil and 50% FP: 1 kg of the soil mixed with 1 kg of crushed paraffin-coated flower pot. • 100% FP: 2 kg of crushed paraffin-coated flower pot.
In each basket, 50 seeds of Chinese kale were planted in 1 cm depth (2 seeds in each hole). Watering was done at 10 AM and 4 PM every day. Observation period for germination test was set 50 days after planting. Three samples in each group were used for this testing.
Statistical analysis
Since the trials were mostly performed three times, only average was shown in this study. Difference in the average was examined by one-way ANOVA. In the comparison of the number of germination of Chinese kale at the same day in the seed germination test, Bonferroni correction was used for multiple comparisons. In the comparison of the number of germination of Chinese kale with that on the 5th day in the seed germination test, Dunnett correction was used for multiple comparisons.
Data handling and statistical analyses were carried out using SPSS version 24.0 (SPSS Japan). The difference was considered statistically significant for p < 0.05. Table 3 shows the number of remaining flower pot at various times of observation period. The durability was different among four types of the coated flower pot. In weeks 1 and 2, all samples in four types were remaining. In week 3, the no coat type began to break. In week 4, the starch coat and the modified starch coat types also began to break. In week 6, the paraffin coat type began to break. On this week, the other type had only 1 remaining set. In week 7, the modified starch coat type had no remaining unit. In week 8, the starch coat type had no remaining unit. In week 9, the no coat type had no remaining unit. On this week, the paraffin coat type had still 1 remaining unit.
Results
Water durability test
Judging from the results of the water durability test and easiness in coating the surface of flower pot, the researchers selected paraffin-coated flower pot as the best one. Consequently, it was used for the further experiment in this study.
Toxicological testing
The concentrations of lead and nickel in the total element test were lower than the value of the Soil Quality Standard, Thailand [22] . Copper is not regulated in this act. The concentration of copper was lower than the value of Canadian standard [25] (Table 4) .
The results of leaching test of three heavy metals were lower than the values of Notification of the Ministry of Industry, Thailand [26] .
The concentrations of heavy metals in sludge cake, Bang Len soil (clay), 100% Soil (Dindeedee soil: plant soil), 50% Soil and 50% FP, and 100% FP are shown in Table 1 . The concentrations of three elements except copper were quite lower (less than 10
) than Thai standard [22] . The concentration of copper was about 10% compared with Canadian standard [25] . Table 5 shows the average number of germination of Chinese kale at various times of observation period. The number of Chinese kale with 100% Soil reached its peak on the 15th day and continued. The ones with 50% Soil and 50% FP, and 100% FP also showed the peak on the 15th day and continued. There was no significant difference in the number of germination among the three groups.
The researchers measured the length of leaf in millimeter when the germination was found. When there were some leaves, the longest value was used. The leaf growth with 100% soil increased continuously ( Table 6 ). The ones with 50% Soil and 50% FP, and 100% FP also had same tendency. The one with 100% Soil was significantly longer than the one with 50% Soil and 50% FP from 10th day and the one with 100% FP from 20th day. The ones in the two TEA total element analysis, LT leaching test, Std standard value specified a Soil Quality Standard, Thailand [22] b Criteria for managing contaminated sites in British Columbia, Canada [25] groups, 50% Soil and 50% FP, and 100% FP, showed significantly smaller leaf than the one with 100% Soil. There was no significant difference between 50% Soil and 50% FP and 100% FP.
Discussion
Effect of various coating material on water durability of flower pot
The sprinkled water, 924 L h
, corresponded to 24 mm h −1 rain. Against such rain, paraffin coat had all units until 5 week and enough remained until 8 week when the other coats had no remaining unit. In the previous report [11] , the flower pot, corresponding to the no coat type in this study, began to break at 15th day against about 26 mm h −1 rain. The results of the no coat type showed almost the same situation. Consequently, the paraffin-coated flower pot showed better water resistance. This may show that the paraffin wax strongly protects the sprinkled water, not only at the outside wall in which the water directly contacted but also at the bottom surface facing water on the ground. However, even the paraffin-coated flower pot cannot be used outdoors in the rainy season as the heavy rain would easily collapse it.
Paraffin wax is solid at the room temperature. Its melting point is between about 46 and 68 °C [13] , but begins to melt from approximately 37 °C [27] . The research city was Bangkok, Thailand, and it was higher than 37 °C in some days during research period. On such days, paraffin on the surface of flower pot had the possibility to melt and move down to the ground, and then the flower pot seemed to become weak against the sprinkled water. Even such conditions, the flower pot with paraffin coating may be used until 8 weeks.
Effects of paraffin, coated material, on toxicity of sludge cake in the flower pot
The concentrations of three toxicants, lead, nickel and copper, in the paraffin-coated flower pot in the total element analysis and leaching test were almost same as those reported in the previous report [11] , but less than those reported earlier [2, 28] . Since there was no difference in the concentrations of heavy metals in the leaching test between the paraffin-coated flower pot (this study) and the no-coated one (the previous report [11] ), the paraffin may have no preventive effect for the heavy metals to leach out. However, the concentrations in the leaching test were much lower than the standard of Thailand [26] . Even if the rain would attack the paraffin-coated flower pot, the heavy metals would little meld out into the ground. Paraffin itself is used for coating the surface of fruits [29] and eatable. Even if the paraffin of the paraffincoated flower pot would melt down to the ground due to a hot environment, the paraffin seems to have no negative effect on the ground.
Sludge cake has the possibility to have some chemicals [11] . Polyacrylamide used in the process to make sludge cake is relatively non-toxic [30] . Aluminum sulfate, however, is toxic to aquatic organism. Because the sludge cake has the possibility to contain it, the flower pot should be used in the area enough far from the water area and not be disposed into the water area after using it.
In the germination test, the groups containing crushed paraffin-coated flower pot showed no decreasing tendency in the number of germination of Chinese kale. Compared with the previous results [8] , the average number of germination of Chinese kale in all three groups corresponded to that in 100% soil or 100% flower pot without paraffin coating. These results showed that paraffin had no suppressive effect on the germination.
Three most important nutrients are nitrogen (N), phosphorus (P), and potassium (K). Nitrogen is used by plants for lots of leaf growth and good green color [31] . Phosphorous is used by plants to help form new roots, make seeds, fruit and flowers. It is also used by plants to help fight disease. Potassium helps plants make strong stems and keep growing fast. It is also used to help fight disease. The concentrations of nitrogen and phosphorous in sludge cake and Bang Len soil were about one tenth of the plant soil. The concentration of potassium in them was less than one-half of the plant soil. Lack in these three nutrients in the 50% Soil and 50% FP, and 100% FP groups may play a major role to introduce the slow growth, namely small leaves maybe due to making fewer roots in the leaf growth in the two groups containing crushed paraffin-coated flower pot. Consequently, the paraffin seems to have no suppressive effect on the leaf growth.
Coating flower pot by paraffin has the advantage point. It enables us to use the flower pot longer than no-coated one. The usage of the paraffin-coated one becomes about 2 months from 1 month of no-coated one in the area under protecting rain in an industrial site. Although the paraffin does not prevent the toxicity of the sludge cake in the flower pot, it itself has no health hazard. It is recommended to coating the flower pot with paraffin for the purpose of using it for a long time.
The researchers should mention possible limitation. Researchers were allowed to use the machine for only a limited time and then failed to make enough number of flower pots for durability test. In the leaching test and germination test, it was impossible to show the standard deviations.
Although the sludge from the industry has the possibility to content the harmful bacteria [10], even after both chemical and biological treatments, it was not checked. Since the investigators focused on prolonging the lifetime of flower pot on the ground, the economical convenience of the paraffin-coated flower plots was not evaluated. The durability of flower pot in actual use, such as filled with irrigated soil, was also not estimated. However, this study shows that the paraffin-coated flower pot has the possibility to reuse the sludge cake in the horticultural practice of growing the ornamental plant.
Conclusion
Paraffin prolonged the life of flower pot on the ground until 5 weeks at least and may be 8 weeks. It has no preventing effect on the toxicity of the sludge cake in the flower pot, although the sludge cake in the flower pot seems to have no negative effect on the environment at disposing it. The paraffin-coated flower pot seemed to have no suppressive effect on the seed germination or leaf growth. This paraffin-coated flower pot has the possibility to reuse the sludge cake in the horticultural practice of growing the ornamental plant.
